Although viruses are the most common cause of acute gastroenteritis (AGE) in humans, details about the causative viruses in AGE are largely unknown because many causative viruses are unable to be cultured by current culture techniques. In our study, fecal samples from 10 children under five years of age with unexplained AGE and 10 healthy children were investigated for RNA viruses using random priming (RP)-mediated sequence-independent single primer amplification (SISPA). The causative viruses in cases of cryptogenic diarrhea were then assessed for their potential diagnostic value. Of the 1,129 viral clones identified, rotavirus was most commonly associated with AGE (125 sequences, 22.4%). In contrast, bacteriophage was most common (43 sequences, 13.6%) in healthy children. The remaining 515 viral clones were unidentifiable. These findings suggest that investigation of cases or outbreaks of unexplained diarrhea using a metaviromic strategy is a new avenue for diagnosis.
INTRODUCTION
Traditionally, the identification of viruses has been dependent on the ability to culture the viruses in host cells in order to propagate and isolate enough pure virions for characterization. However, the large majority of viruses, including enteric viruses, cannot be cultivated using standard techniques (1) . The only way to obtain adequate viral particles for characterization of these enteric viruses has been to feed volunteer human adults stool filtrates derived from patients with the disease (2) . Therefore, culture-based methods are insufficient for large scale characterization of a viral community in the human gastrointestinal tract. In addition, viruses do not have ubiquitously conserved genetic elements, like the bacterial ribosomal RNA gene, that can be used to quantify diversity and evolutionary distance amongst different viruses (3) .
Recently, metaviromic analyses have emerged, and they offer an opportunity to directly characterize mixed genomes of uncultured microorganisms from a variety of ecological communities (4) . In the case of viruses, metaviromic analysis has focused on searching for viral contents such as DNA viruses or bacteriophages in the environment (5), animals (6) , insects (7), fermented foods (8) , human oral cavities (9) , and feces (3) . There has been very little investigation of the composition of human viral communities in both diseased and healthy patients.
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Acute gastroenteritis (AGE) is a diarrheal disease of rapid onset, with or without accompanying symptoms such as nausea, vomiting, fever, and abdominal pain. Many viral pathogens, such as rotavirus, norovirus, astrovirus, calicivirus, hepatitis E virus, coronavirus, torovirus, and enteric adenovirus serotypes 40 and 41 are associated with AGE, and most of them (except adenovirus) have an RNA genome (10, 11) . In this study, we assessed the potential application of metaviromic techniques to the detection and diagnosis of viral causes of unexplained AGE.
MATERIALS AND METHODS
Specimen collection
Fecal samples from children under five years of age with unexplained watery diarrhea were collected at the 
RP-SISPA and sequencing
The extracted RNA was then processed for random priming-mediated sequence-independent single primer amplification (RP-SISPA) (11) . A 10 μl RNA sample was 
Resultant analysis
The PCR amplicons were inserted into a pCR 2. sequences were compared to the GenBank database using BLAST (BLASTn/BLASTp/BLASTx).
RESULTS
Clinical features
Amongst the 10 children with AGE of unknown origin, two patients were male and eight were female, with a mean age of 2. 
Sequence data overview
A total of 1,129 clonal sequences (average length of 332.6 bases) were generated from the viral particle-enriched nucleic acids from all patients. These sequences were taxonomically assigned based on their best BLAST score GenBank (e-value, 0.001).
Bacteriophages in the pediatric gut
The sequences with similarities to bacteriophages made (Table 1) .
Eukaryotic viruses in the pediatric gut
The families of the eukaryotic viruses that were found in the pediatric fecal samples are shown in Fig. 1 and Table 1 . showed that for the identification of rotavirus infection,
RNA viruses capable of infecting eukaryotes were a minority
RT-PCR was more sensitive and specific than other enzymebased diagnostic methods, although RT-PCR is slower and more labor intensive (18) . Based on the recently described superiority of RT-PCR testing, re-examination of stool specimens by RT-PCR for the presence of rotavirus will be worthwhile to determine the causative agent of AGE in humans (19) .
Rotaviruses were found in four patients with AGE who were prediagnosed as negative for current rotavirus detection antigen is >1 × 10 5 particles/ml (20) . In contrast, the limit of detection by RT-PCR of viral RNA is >100 particles/ml (21) Prior studies have shown that bacteriophage viruses constitute a significant fraction of human and equine fecal viral populations (25) . In our study, the bacteriophageassociated amino acid sequences we identified had no significant similarities with any microorganismal sequences in GenBank. Unidentified sequences constituted 44.9% of all sequences in healthy children and 46.3% of all sequences in hospitalized children. This data is similar to the percentage of unclassified sequences identified in a previous metagenomic study of human stool (26) . Furthermore, in our study bacteriophage sequences accounted for 5.0~7.5% of the total fecal sequences. In previous studies of fecal samples from South Asian children with non-polio acute flaccid paralysis and healthy contacts, bacteriophage sequences have accounted for 16% and 12% of total sequences, respectively (27) . The predominant bacteriophage sequences we found were from uncultured Microviridae in healthy children, and uncultured Microviridae and Siphoviridae in hospitalized children. This data showed that in the presence of infective enteric viruses, the native bacteriophage community was altered.
Our study of fecal RNA viruses in children with AGE as well as healthy children revealed new information about unusual RNA viruses that can occur in children with AGE.
Moreover, the metaviromic approach we used provides new potential for the discovery of unknown viruses that may be causing idiopathic infectious diseases. To fully develop a blueprint for the prevention and treatment of AGE, further studies are needed to understand the relationships between gut DNA and RNA viral microbiota and the relationships between gut viral and bacterial microbial communities.
